Abstract: Endotracheal intubation via direct laryngoscopy frequently provokes cardiovascular side-effects. Although using a lightwand intubation device reduces laryngeal stimulation, previous reports indicated a similar stress response compared to classical laryngoscopy. We hypothesized that endotracheal tube (ET) placement itself elicits haemodynamic instability and that topical anaesthesia can attenuate this response.
INTRODUCTION
Direct laryngoscopy for endotracheal intubation is frequently associated with an acute endocrine and cardiovascular stress-response that might be harmful to patients who are at risk for cardiovascular or intracranial complications [1] . Previous research determined that direct laryngoscopy can cause an increase of blood pressure and heart rate by stimulating pharyngeal and laryngeal proprioceptors [2] . However, even if laryngoscopy is omitted during endotracheal tube placement haemodynamic alteration has been observed [3] . In contrast to direct-vision laryngoscopy, indirect lightwand guided intubation using commercially available devices like, e.g. Trachlight ® (Laerdal Medical AS, Stavanger, Norway), does not require gross manipulation of laryngeal structures. A powerful light-source at the distal end of the lightwand is used for indirect guidance of the tip of the breathing tube into the trachea without direct visualization of the glottic opening. When in-line with the tip of the endotracheal tube (ET), the light source creates a profound transcutaneous glow which can initially be observed at the level of the cricoid membrane (light shines into the glottic opening; the tip of the ET is in immediate proximity of the vocal cords), and subsequently at the jugular notch when the ET is advanced into the upper trachea. However, even when direct laryngoscopy is avoided using a lightwand, cardiovascular stress responses are seen to occur during endotracheal intubation [4] [5] [6] [7] . This corresponds well with our anecdotal experience where gentle handling of the laryngoscope is usually not associated with haemodynamic fluctuation, whereas the insertion of the ET is frequently followed by tachycardia and hypertension. Indeed, it has been postulated that the circulatory response after tracheal intubation could in fact be due to the ET placement and cuff inflation itself rather than the stimulation by direct laryngoscopy [3] .
Previous studies have already used lidocaine as a topical anaesthetic prior to endotracheal intubation to investigate the effects on cardiovascular and endocrine parameters. However they did not discriminate between the suppression of the stress response due to oropharyngeal as opposed to endotracheal stimulation [8] [9] [10] [11] .
Therefore, the aim of our double-blinded and randomized investigation was to clarify the impact of endotracheal placement of an ET on the stress response associated with airway management after induction of general anaesthesia. We hypothesized that tracheal intubation -even if direct laryngoscopy is omitted -causes an adverse change in haemodynamic variables along with a rise in serum catecholamine levels, and that topical anaesthesia of the larynx and the upper trachea prior to intubation attenuates this response.
PATIENTS AND METHODS
With approval of the local Ethics Committee and written informed consent, 30 patients (ASA physical status III) scheduled for elective orthopaedic or abdominal surgery under general anaesthesia were enrolled in our study. The investigation was conducted according to the standards of good clinical practice and the Helsinki Declaration. The following exclusion criteria were applied: known difficult airway, history of surgery in the head-throat-area, lidocaine intolerance, multiple allergies, and necessity of a gastric tube.
Patients were assigned to one of the three following groups (n = 10 each) by a computer-generated randomization list with the designated topical treatment in brackets: control group (5 ml saline 0.9%), group lido 1% (5 ml lidocaine 1%) and group lido 2% (5 ml lidocaine 2%). All test solutions were prepared by an independent person and blinded for all individuals involved in the study. In combination with a light-wand device a special endotracheal breathing tube (Edgar ® tube, endotracheal drug and gas application during resuscitation, Rüsch, Kernen, Germany) was used to spray the test solutions directly onto the glottic opening, which allowed them to spread across vocal cords and upper parts of the trachea. In principal, the Edgar ® tube is based on a conventional endotracheal tube with an additional instillation line integrated within the tube wall, which enables precise drug instillation or gas monitoring [12] . Patients received 10 mg of oxazepam p.o. 90 min. prior to induction of GA andif prescribed -their regular cardiovascular medication (betablockers, Ca ++ -antagonists, nitrates). Standard monitoring according to the American Society of Anesthesiologists (ASA) was applied and a radial artery was cannulated for continuous intravascular blood pressure monitoring after a negative Allen`s test. We exclusively studied ASA III patients because their cardiovascular system frequently is more unstable than in healthy patients, yet cardiovascular and endocrine effects may emerge more pronounced. Additionally, our institutional standard operating procedures determine that these patients are monitored by an arterial line if major surgery is carried out. Facing its potential risks, an arterial line may not be a suitable monitoring for an ASA I or II patient. All physiological variables were monitored continuously, and arterial blood pressures and heart rate were electronically documented throughout the experimental period for subsequent analysis.
The arterial line was also used for arterial blood samples to analyze for catecholamine and lidocaine plasma concentrations. Intravenous induction of anaesthesia was standardized (fentanyl 0.003 mg kg -1 , etomidate, 0.2 mg kg -1 and vecuronium 0.1 mg kg -1 ). Ninety seconds after intravenous induction the Edgar ® tube was positioned directly above the glottis using a commercially available lightwand (Trachlight ® ), thus omitting direct laryngoscopy. The test solution (5 ml) was applied. ET and lightwand were removed temporarily and kept in a sterile container. The patients were than bag-mask ventilated for an additional two minutes (FiO 2 = 1.0), followed by lightwand-guided intubation of the trachea. After confirmation of correct ET placement (end-tidal carbon dioxide tension, bilateral chest auscultation) anaesthesia then was maintained employing isoflurane (endtidal Vol.% 0.9-1.1). The airway related procedures in all patients were performed by the same independent senior anaesthesiologist, who has long-term experience with both the Trachlight ® as well as the Edgar ® tube. The study protocol dictated the abortion of lightwand guided intubation following two unsuccessful attempts or >30 seconds, whatever came first.
Arterial blood samples were obtained at five time points: following induction of anaesthesia (baseline); following application of the test solution (drug); immediately after endotracheal tube placement and cuff-inflation (ETP); and five minutes (5 min) and ten minutes (10 min) after endotracheal tube placement. Blood samples were heparinized (15 I.U. heparin ml -1 ), cooled to 4°C and centrifuged (4000 rpm, 5 min) within 30 min. Plasma samples were then stored at -70°C until en-block analysis.
Plasma catecholamines (adrenaline, noradrenaline) were extracted and concentrated with a commercial extraction kit (Recipe, Munich, Germany) and then analyzed by ion pair high-performance liquid chromatography (HPLC 1050, Hewlett-Packard, Palo Alto, CA, USA) with electrochemical detection (HP 1049 A, Hewlett-Packard). Measurement of lidocaine plasma concentration was performed using a UV detector (HP MWD 1050 Hewlett-Packard). For both analyzes a LiChrospher 60 RP-select B HPLC-column was used (5 m, 125 mm x 4 mm, Merck, Darmstadt, Germany).
STATISTICAL ANALYSIS
Statistical analysis was performed using SigmaStat ® for windows, version 3.1 (Systat Software, Inc., San Jose, CA, USA).
Statistical measurements were calculated for the determined characteristics. In addition to absolute values of each variable, we calculated the difference (=delta-values) for every single patient ( : difference between drug application and ETP).
To test the statistical significance of the delta-values between control group and lido 1%, between control group and lido 2% as well as between lido 1% and lido 2%, Student's ttest was performed. Statistical analyses were done in an explorative manner. The outcome of a statistical test with a pvalue < .05 was called significant. To obtain clinically more relevant information we additionally calculated the effectsize as described by Cohen [13] . Values of 0.2 indicate small clinical effects, whereas values of 0.5 indicate medium and values exceeding 0.8 strong effects, respectively.
RESULTS
There was no difference in patient demographics between the groups ( Table 1) . One male patient, initially randomized to group lido 2%, was excluded from the study because trachlight-guided intubation failed and the ET was placed via conventional laryngoscopy. There was no adverse reaction (e.g. coughing, laryngo-or bronchospasm) noted in any of the patients following topical application of the test solutions. Fig . (1a-d) summarizes the changes in haemodynamic variables during endotracheal tube placement (cardiovascular stress response) for all timepoints. At baseline as well as after topical drug application both heart rate (HR; Fig. 1a ) and systolic arterial pressure (SAP; Fig. 1c) were similar between groups. Immediately following ET placement HR and SAP increased in patients who had received topical saline (mean HR = 15.3bpm; standard deviation (sd) = 9.0; mean SAP = 45.6mmHg; sd = 18.8) (Table 2a,b; Fig. 1b  and 1d, respectively) . In contrast, patients who had received topical lidocaine showed only minor changes in haemodynamic variables, irrespective of the lidocaine concentration applied (mean HR: lido1% = 5.8bpm; sd = 8.9; lido 2% = 3.7bpm; sd = 15.9; mean SAP: lido1% = 8.7mmHg; sd = 18.9; lido 2% = 13.0mmHg; sd = 16.7). Effect size calculation indicated a strong effect of topical lidocaine on both variables (ES control vs lido groups >1; Table 2a,b). Fig. (2a-d) illustrates the changes in catecholamine plasma levels following endotracheal tube placement (endocrine stress response). Baseline levels of noradrenaline ([nor]; Fig. 2c) were similar, while unexpectedly adrenaline levels [adr] in group lido 2% were lower than in the other Fig. (1a-d) Fig. 2a and 2b, respectively) . In contrast, with topical lidocaine and independent of the respective concentration used, catecholamine concentrations remained unaltered or even slightly decreased following ET placement. Table 3 displays the time course of changes in plasma lidocaine concentrations for the three experimental groups. All patients had a small baseline lidocaine plasma contamination as a result from routine flushing of the arterial line with a lidocaine containing solution (0.2 mg lidocaine ml saline -1 ) as it is part of the standard operating procedures at the study centre. Early after topical application, lidocaine plasma levels increased significantly compared to baseline and the control group (topical saline). The maximum observed plasma concentration of lidocaine was 2.4 g ml -1 in a patient after 2% lidocaine. There were no differences in mean lidocaine plasma levels between the two lidocaine treatment groups.
DISCUSSION
This study resulted in four important findings: 1. placement of an ET into the non-anesthetized trachea following intravenous induction of GA results in significant haemodynamic response with increased HR and SBP accompanied by a parallel rise of plasma catecholamine levels, i.e. adrenaline and noradrenaline; 2. this stress response occurs even if conventional laryngoscopy is omitted and an indirect technique, i.e. lightwand-guided endotracheal intubation, is used; 3. topical anaesthesia using 1% lidocaine (5 ml, 50 mg) of larynx and upper trachea two minutes prior to endotracheal tube placement blunts both, the cardiovascular and the endocrine stress-responses observed without topical anaesthesia; 4. higher lidocaine concentrations (2%; 100 mg) render no additional benefits, but do not result in toxic plasma levels. Except baseline for all timepoints control group vs lidocaine groups p < 0.05.
Since their introduction, lightwand-guided endotracheal intubation using devices like the Trachlight ® have been considered a more gentle and less invasive technique than direct laryngoscopy. However, the circulatory stress response with Trachlight ® -assisted endotracheal intubation was beneficial only in ASA I but not in ASA II patients when compared to conventional direct laryngoscopy [4] . Moreover, subsequent investigations were unable to detect any differences in circulatory responses between traditional laryngoscopy-and lightwand-guided intubation of the trachea [5] [6] [7] . It was no surprise that some authors concluded that the avoidance of direct laryngoscopy using a lightwand may in fact play only a minor role in decreasing the haemodynamic stress response [3] . They speculated that the endotracheal placement of the breathing tube represents the more relevant stimulus during the procedure. Our study design was specifically tailored to further clarify this issue: 1. the use of a lightwand (Trachlight ® ) allowed the avoidance of any stress response caused by conventional laryngoscopy and allowed us to observe only changes caused by placement of the ET. Here, it is important to clarify, that our work in principal did not depend on the use of a lightwand -which appears somehow complex. Our intention was to isolate the impact of the endotracheal stimulus which is caused by tube insertion and Fig. (2a-d) . Endocrine stress response.
cuff-insufflation. Thus, also an oral fibre-optic approach would have been an appropriate technique to achieve this aim. 2. By spraying topical anaesthesia to larynx and upper trachea we were able to attenuate this effect and 3. the use of two different concentrations of lidocaine enabled us to identify a clinical relevant dose/response relationship. We decided to exclusively study patients of ASA physical status III, because their perioperative monitoring routinely included arterial blood pressure measurements when patients are scheduled for moderate to high risk surgery at our institution.
Analysis of our data confirmed the hypothesis that ET placement, independently of direct laryngoscopy, presents a significant stimulus that results in potentially relevant haemodynamic alterations. Patients who received normal saline (control group) after induction of general anesthesia had a pronounced haemodynamic reaction (HR and SBP) following lightwand-guided ET placement, which was accompanied by an increase in adrenaline and noradrenaline plasma levels.
Some of our results are in accordance, and others are in disagreement with previous findings: one report describes a cardiovascular stress-response immediately after Trachlight ® -guided endotracheal intubation but increases in blood catecholamine levels were absent at the same time points [7] . Another investigation observed a slight but insignificant increase of adrenaline and noradrenaline concentration in ASA I patients two and five minutes after laryngoscopic endotracheal intubation and induction of general anaesthesia, which occurred in conjunction with increases in HR and SAP [14] . The absence or non-significance of a catecholamine response to endotracheal intubation in previous studies may be explained by the fact that catecholamine levels of conscious patients were referenced as "baseline". In contrast, in our study "baseline" was defined right after induction of anaesthesia. Application of intravenous hypnotics and opioids in the attempt to induce general anaesthesia is generally accompanied by a decrease in plasma catecholamine levels [15] , and this initial decrease may have masked a relative increase in catecholamine levels following ET placement in the other studies cited [7] . It is important to note that endogenous catecholamines have a relatively short plasma half life of one to three minutes [16] . This suggests that blood samples obtained earlier than two minutes after ET placement may have detected even more pronounced rises in response to tracheal stimulation [14] .
Though a variety of anaesthetic techniques and drugs are available to control the haemodynamic response to endotracheal intubation [17] , topical lidocaine seems an attractive alternative. In contrast to, e.g. intravenous beta blockers or high doses of opioids, negative effects on cardiovascular stability seem rather unlikely with topical lidocaine [18] . Long-term clinical experience suggests that attenuation of laryngotracheal stimuli using topical lidocaine is a safe technique. For example the Laryngo Tracheal Anaesthesia kit (LTA ® kit, 10 ml of 4% lidocaine, Abbott Laboratories, North Chicago, IL, USA) has been successfully used for topical laryngotracheal anaesthesia for about 30 years [19] . However, proper use of the LTA kit requires direct visualization of the glottic structures and therefore was not integrable in our study design. We chose the Edgar tube to provide topical lidocaine to the glottis in conjunction with a lightwand to avoid direct laryngoscopy. This approach could be a reasonable technique for endotracheal tube placement in patients at increased risk for cardiovascular deterioration who require an operative procedure under general anaesthesia with an endotracheal tube. An alternative and more sophisticated route of lidocaine application like ultrasound nebulization [20] could be employed to anesthetize the airway prior to endotracheal intubation, although this would take more time.
Both lidocaine concentration tested (1% and 2%) effectively blunted the ET placement related stress response and were not accompanied by adverse effects. The maximum observed plasma concentration of lidocaine was 2.4 g ml -1 , which is far below the toxic threshold of 6.0 g ml -1 reported in literature [21] . In fact, topical application of lidocaine appears to be safe even at much higher dosages than used in our study. When topical lidocaine was provided to healthy volunteers during fiberoptic intubation at an average dose of 8.8 mg kg -1 (roughly 8-times more than in this study) the lidocaine plasma levels did not exceed values above 5 g/ml -1, [20] , i.e. remained within the currently accepted safety margin [21] .
Our findings may be limited by the fact, that we did not monitor depth of anaesthesia e.g. by means of processed electroencephalography (BIS). Doses that are entirely based on mg kg -1 probably produce different depths of anaesthesia in a given population -which may have affected our results. Additionally, the authors state, that a more profound induction of anesthesia before tracheal tube insertion may also have influenced the results of this study. However, if randomisation may outweigh these limitations is questionable.
In conclusion, this study demonstrated that the placement of an ET into the non-anesthetized trachea of patients under general anaesthesia causes a significant haemodynamic and endocrine stress response, regardless of the omission of conventional laryngoscopy. We have shown that this response was avoided by lightwand guided intubation in combination with the use of topical anesthesia of the laryngotracheal area prior to ET placement. This represents an alternative approach to airway management in patients at risk of cardiovascular or cerebrovascular complications.
SUPPLEMENTARY MATERIAL
Complete data (descriptive statistics) of all variables and all time-points and diagrams of the technical equipment are displayed in appendix a -d (data), appendix e (Edgar ® -tube) and f (Trachlight ® ).
c. Arterial plasma concentration of adrenaline (pcg ml -1 ). 
